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METHOD FOR AUTOMATICALLY 
PROGRAMMING A REDUNDANCY MAP 

FOR A REDUNDANT CIRCUIT 

FIELD OF THE INVENTION 

The present invention pertains generally to electronic 
redundant circuits, and more particularly to a method for 
automatically programming the redundancy map for con?g 
uring the active elements of a redundant circuit. 

BACKGROUND OF THE INVENTION 

In the fabrication of electronic circuits, one technique 
utiliZed to increase production yield is to provide redundant 
circuit elements on the chip to alloW for replacement of key 
circuit elements Which prove to be defective. During testing 
of the chip, the defective portion of the circuit is identi?ed 
and the redundant circuit element, if one exists, is activated 
by opening an associated fuse or similar mechanism. 

Redundancy is especially suited for repetitive circuits 
having a large number of repeating elements arranged in 
some form of an array, such that one redundant circuit can 
replace a single defect in any of a large number of circuit 
elements. One such device is a semiconductor memory 
comprised primarily of memory cells. These memory cells 
are arranged in roWs and columns Wherein the redundant cell 
Would be either a roW of memory cells or a column of 
memory cells. If, for example, one cell in a given column 
Was determined to be defective, this Would classify the 
device as defective. This defective column could then be 
replaced by a redundant column and the device Would be 
fully operational. A typical memory Would have, for 
example, 256 roWs and 256 columns. One redundant column 
Would therefore be able to replace one of the 256 columns, 
thus constituting an ef?cient use of a redundant circuit. 

One problem encountered in replacing a column or roW in 
a semiconductor memory is maintaining address integrity; 
that is, the redundant column must have the same address as 
the defective column. This is normally implemented by 
providing a universal decode circuit in association With the 
redundant column circuitry. Appropriate fuses are included 
that can be opened to both activate the redundant column 
circuitry and also to program the universal decode circuitry 
for the appropriate address. 
A redundant memory generally includes an array of 

memory cells arranged in roWs and columns, each column of 
cells selected by a column address signal and each roW of 
adjacent cells selected by a roW address signal. A redundant 
column of memory elements is disposed adjacent the array 
and is selectable by a predetermined column address With 
the redundant column memory normally inactive. When a 
column of memory cells in the array is determined to be 
defective, this column is deactivated and a circuit is pro 
vided for activating the redundant column, such that it can 
be addressed by the predetermined column address. The 
addresses of the columns that are physically disposed 
betWeen the defective column and the redundant column are 
recon?gured and incremented by one toWards the defective 
column address. 

Prior art universal decode circuitry for recon?guring the 
addresses of the columns located betWeen the defective 
column and redundant column typically includes a non 
recon?gurable redundancy con?guration circuit Which is 
programmed once With a RAM redundancy map that is used 
to con?gure the active memory columns Whenever the chip 
is poWered up. During manufacturing test, the failing col 
umn must be identi?ed, and the appropriate redundancy map 
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2 
stored in the redundancy con?guration circuit. The redun 
dancy con?guration circuit is conventionally implemented 
With a bank of fuses, one per column that can be recon?g 
ured. The corresponding fuse of each column Whose address 
is to be recon?gured is broken in order to bypass the normal 
path to that column. Thus, during poWer up of the chip, a 
signal is ?red Which loads the redundancy map into redun 
dancy registers that control the sWitches in the universal 
decode circuitry. 
The conventional method for programming a RAM 

redundancy map requires off-line resources to program the 
redundancy con?guration circuit (i.e., to break the fuses). 
This can be a time-consuming process that requires expen 
sive equipment and/or costly technician time. In addition, 
because a single fuse is used for each recon?gurable column 
in memory, the number of fuses required to provide RAM 
redundancy may be quite large. Due to the siZes of the fuses, 
a high-density RAM may not be able to accommodate the 
number of required fuses in terms of space. 

Accordingly, a need exists for a method for automatically 
programming a redundancy map for a RAM, and for redun 
dant circuits in general, Without the assistance of external 
resources. A need also exists for a method for reducing the 
siZe and cost of the redundancy con?guration circuit. 

SUMMARY OF THE INVENTION 

The present invention is a novel method and apparatus for 
automatically programming the redundancy map for a 
redundant circuit. The method and apparatus of the inven 
tion operates automatically to alloW on-chip hardWare to 
reduce manufacturing test time and complexity. In addition, 
the technique of the invention reduces the number of fuses 
required to store the redundancy map and therefore cost of 
the chip. 

In accordance With the invention, the redundancy map for 
a redundant circuit comprising a plurality of identical recon 
?gurable circuit elements and a redundant circuit element is 
automatically programmed. The redundant circuit elements 
are recon?gurable to be bypassed if faulty such that the 
faulty recon?gurable circuit element is deactivated and the 
redundant circuit element is utiliZed. A fault detector tests 
the redundant circuit to generate a fault indicator indicating 
Which one of the recon?gurable circuit elements is a faulty 
circuit element. An encoder encodes the fault indicator into 
an encoded fault indicator. A decoder decodes the encoded 
fault indicator to generate a redundancy map for con?guring 
the recon?gurable circuit elements. 

In one embodiment, the apparatus of the invention 
includes a sticky compare register comprising a bit corre 
sponding to each recon?gurable circuit element. Abit in the 
sticky compare register is only set if its corresponding 
column is determined to be faulty. The position of the bit 
corresponding to said faulty circuit element is encoded. One 
Way of determining the position of the bit corresponding to 
the faulty circuit element is accomplished by counting the 
number of shifts required to shift the bit corresponding to 
said faulty circuit element to one end of said sticky compare 
register. The count value is the encoded fault indicator. The 
encoded fault indicator is stored in a non-volatile storage 
area, preferably a fuse register of siZe log2(N+1), Where N 
is the number of recon?gurable circuit elements. Upon 
poWer up of the chip, a bit value Which causes the element 
to be deactivated (i.e., bypassed) is shifted a number of times 
equal to the stored count value into a redundancy map 
register and a bit value Which causes the element to be 
activated is shifted into the redundancy map register for the 
remaining shifts cycles to pad out the rest of the redundancy 
map register. 
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In one embodiment, built-in self test (BIST) hardware is 
incorporated into the integrated circuit for exercising 
on-chip RAM. As data is read from the RAM array during 
BIST operation, each bit from the memory is compared to its 
expected value. If, in the bit-by-bit comparison of the output 
value With the expected value, a miscompare is observed, 
the bit in a sticky compare register corresponding to the 
column of the failed memory cell is set. The set bit is sticky, 
meaning that once it is set, it is not cleared until after the 
memory redundancy programming is complete. After the 
BIST test is complete, each set bit in the sticky compare 
register corresponds to a column in memory that has a failed 
cell. The contents of the sticky compare register are encoded 
by right shifting the sticky compare register until the ?rst set 
bit is found. Each right shift cycle increments a counter. The 
count value contained in the counter after the ?rst set bit is 
found is the encoded value, Which is transferred to a fuse 
register and permanently programmed. At this time, or 
during subsequent poWer ups of the integrated circuit, the 
fuse register is referenced and a ‘1’ is right shifted into a 
redundancy map register a number of times equal to the 
count value contained in the fuse register. A ‘0’ is then right 
shifted into the redundancy map register until the total 
number of right shifts is equal to the number of recon?g 
urable columns (i.e., N-count value). In this manner, the 
redundancy map register contains a ‘0’ for each RAM 
column to the left of the failing column, and a ‘1’ for the 
failing column and each column to its right. 

Accordingly, the invention automatically programs the 
redundancy map that repairs a redundant circuit Without the 
need for external equipment. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention Will be better understood from a reading of 
the folloWing detailed description taken in conjunction With 
the draWing in Which like reference designators are used to 
designate like elements, and in Which: 

FIG. 1 is a schematic block diagram of a memory array 
With a redundant column; 

FIG. 2(a) is a schematic diagram of a ?rst embodiment of 
a prior art non-volatile storage circuit; 

FIG. 2(b) is a schematic diagram of a second embodiment 
of a prior art non-volatile storage circuit; 

FIG. 3 is a schematic block diagram of a circuit in 
accordance With the invention for automatically program 
ming the redundancy con?guration; 

FIG. 4 is a schematic diagram of one embodiment of a 
non-volatile storage circuit in accordance With the invention; 
and 

FIG. 5 is a ?oWchart of a method in accordance With the 
invention. 

DETAILED DESCRIPTION 

Amethod and apparatus for automatically programming a 
redundancy map for a redundant circuit is described in detail 
hereinafter. For ease of understanding, the invention is 
discussed in the context of a redundant semiconductor 
memory. HoWever, it Will be appreciated by those skilled in 
the art that the inventive principles applied to a RAM 
memory array may be similarly applied to various other 
types of redundant circuits comprising a plurality of recon 
?gurable circuit elements With an available identical redun 
dant circuit element. 

Referring noW to FIG. 1, there is illustrated a schematic 
block diagram of a memory 100 providing redundant cir 
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4 
cuitry. The memory 100 is comprised of an array 102 of 
memory cells 104 that may be arranged in any con?guration, 
With the illustrative embodiment having the cells 104 
arranged in an M-by-N array. Therefore, the memory array 
102 has M roWs and N columns With each cell 104 of the 
array 102 individually addressable for input and output 
therefrom. 

In operation, an address 108 is input to a roW decoder 106 
and one of M roWs ROW[O], . . . , ROW[M] is activated. 
Similarly, the address 108 is input to a column decoder 110 
and one of N columns COL[0], . . . ,COL[N-1] activated in 
accordance With knoWn principles in response to receiving 
the address 108. A redundant column COL[N] is imple 
mented adjacent to the N-1’h column of memory array 102. 
Redundancy con?guration circuitry 112 con?gures the 
active columns COL[0], . . . ,COL[N-1] of the memory array 
102. In particular, redundancy con?guration circuitry 112 
comprises a bank of output sWitches 114 and a bank of input 
sWitches 116. Each output sWitch 114 has tWo sWitched 
inputs—a normal input N(K) and a redundant input R(K)— 
and a common output Normal input N(K) is coupled 
to the output of its corresponding column COL(K) While 
redundant input R(K) is coupled to the output of the column 
COL(K+1) to its right. Each output sWitch 114 has a select 
input S(K) that is responsive to select one or the other of 
inputs N(K) or R(K) to couple to the output The select 
input S(K) of sWitches 114 are each respectively coupled to 
a corresponding redundancy map bit RED(K). The redun 
dancy map bits R(K) are stored in a redundancy map register 
120, denoted RED[0:N-1], Which contains a redundancy 
map bit RED(K) corresponding to each of columns COL 
[0:N-1]. By setting the state of the output sWitch 114, via 
coupling the select input S(K) to its corresponding bit 
RED(K) in redundancy register RED[0:N-1], the actual 
output signal DATAiOUT[K] from the sWitch 114 can be 
altered by shifting the column that sources the actual data 
DATAiOUT[K] by one. The redundancy bit RED[K] is set 
to a 0 for all the columns COL[K] starting at the left (K=0) 
up until the column that has the failure. The redundancy bit 
RED[K] for the column that has the failure is set to a 1. For 
example, if COL[1] is determined to be defective, redun 
dancy bit RED[0] is set to a “0”, indicating that the data 
output DATAiOUT[0] is to be sourced through normal 
decode output NiOUT[0], and redundancy bits RED[1:N 
1] are each set to a “1”, indicating that the data output 
DATAiOUT[1:N-1] is to be sourced through redundant 
decode output RiOUT[2:N]. Accordingly, the source data 
of each output data DATAiOUT[1:N-1] comes from the 
column shifted to the right, that is COL[2:N]. 

In other Words, in a memory array 102 With no defects, all 
output data DATAiOUT[0:N-1] is sourced through its 
corresponding sWitch’s 114 normal decode output NiOUT 
[0:N-1]. HoWever, if a column is defective, the output data 
DATAiOUT[K] for the defective column and each column 
to the right of the defective column is sourced through its 
corresponding sWitch’s redundancy decode output RED[K]. 
Accordingly, if one of the columns COL[0:N-1] are 
defective, the source of data for the last data output bit 
DATAiOUT[N-1] is from redundancy RAM column COL 
[N]. 

Input sWitches 116 operate similarly, but selectively 
sWitch betWeen a normal data input signal DATAiIN(K) 
received on input N(K) and redundant signal DATAiIN(K+ 
1) received on redundancy input The redundancy 
input R(0) of the left-most sWitch 116 is tied to a reference 
signal, for example the circuit ground. Input sWitches 116 
are responsive via their select inputs S(K) to the value of 
their corresponding bits in redundancy register RED[0:N-1]. 



6,141,779 
5 

To permanently store the redundancy map for use at a 
later power up of the chip, each of the bits of redundancy 
map register 120 is coupled to the input of a non-volatile 
storage 122. Redundancy bits RED[0:N-1] are stored in a 
non-volatile storage 122. At poWer up, the bit values RED 
[0:N-1] in the redundancy map register 120 are used as 
select inputs to their corresponding bit data output sWitches 
114. Accordingly, bit RED[0] is used as a select input for 
sWitch 114 that outputs DATAiOUT[0], bit RED[1] is used 
as a select input for sWitch 114 that outputs DATAiOUT[1], 
and so on. 

FIGS. 2(a) and 2(b) illustrate alternative conventional 
prior art nonvolatile storage circuits 200 and 250 used to 
implement non-volatile storage 122. In the embodiment 
shoWn in FIG. 2(b), non-volatile storage circuit 200 com 
prises a pullup resistor R0, R1, . . . , RN respectively coupled 
betWeen a poWer source Vdd and a corresponding redun 
dancy bit RED[0:N-1] in redundancy map register 120, 
Which are each coupled respectively via a fusable link F0, 
F1, . . . , FN to ground. In a normal memory con?guration, 

each fuse provides a loW impedance path to ground, so its 
respective redundancy bit is 0. If a column is defective, its 
corresponding fuse, and the fuse of each column to the right 
of the defective column, is bloWn, thereby breaking the loW 
impedance path to ground, and the corresponding redun 
dancy bit is pulled high through its respective pull-up 
resistor R. 

In the embodiment shoWn in FIG. 2(b), non-volatile 
storage circuit 250 includes fusable links F0, F1, . . . , FN 

coupled in series, as illustrated, betWeen ground and a single 
pullup resistor RP to poWer source Vdd. Circuit 250 has the 
advantage over circuit 200 in that it requires only one 
(versus N-l) pullup resistors. Additionally, it requires only 
one fuse (i.e., the fuse FK corresponding to the faulty column 
COL[K]) to be bloWn. 

FIG. 3 is a schematic block diagram of a circuit in 
accordance With the invention for automatically program 
ming the redundancy con?guration. Integrated circuit (IC) 
125 includes built-in self test (BIST) engine 130 Which tests 
memory array 102 for faults. BIST engine 130 is hardWare, 
?rmWare, or a combination of both, that controls the execu 
tion of on-chip memory tests that are designed to detect and 
locate failures in cells 104 of memory array 102. BIST 
engine 130 generates test patterns and corresponding 
expected output data for memory 100. A comparator 132 
residing Within IC 125 compares the output data DATAi 
OUT[0:N-1] With the expected data value present in 
expected data register 140. A mismatch betWeen a bit value 
of the output data DATAiOUT[0:N-1] and the correspond 
ing bit value OzN-l of expected value register 140 indicates 
a cell failure in the column COL[OzN-l] of memory array 
102 that is associated With that particular bit. 

If comparator 132 detects a bit mismatch, the correspond 
ing bit in sticky compare register 142, Which also corre 
sponds to the column in memory array 102 that generated 
the mismatch, is set to a “1”. Sticky compare register 142 is 
“sticky”, meaning that once a bit is set to a “1”, it Will remain 
set until completion of the redundancy con?guration pro 
gramming. Upon completion of the BIST test, each “1” in 
sticky compare register 142 corresponds to a column in 
memory array 102 that contains a failed cell 104. 

The contents of sticky compare register 142 are encoded 
and stored in non-volatile storage 146 for later decoding into 
the RAM redundancy map. To encode the contents of the 
sticky compare register 142, the contents of sticky compare 
register 142 are right-shifted and a counter 144, initialiZed to 
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6 
Zero, incremented once per shift cycle, until the right-most 
bit of sticky compare register 142 contains a 1, or until N 
shift cycles have completed, Whichever occurs ?rst. The 
contents of the counter 144 contain the encoded RAM 
redundancy map value MAPm[0:log2(N+1)], Which may be 
decoded as discussed hereinafter and loaded into non 
volatile storage 146. In the preferred embodiment, the 
non-volatile storage 146 is a fuse register of siZe log2(N+1) 
fuses, Which, as appreciated by those skilled in the art, is a 
signi?cant reduction in number of required fuses. 
The redundancy map of memory array 102 is automati 

cally programmed during initialiZation of the chip upon 
poWer up by decoding the encoded redundancy map value 
MAPen[0:log2(N+1)] contained in the nonvolatile storage 
146 and placing the decoded RAM redundancy map in 
redundancy register 120. In the preferred embodiment, the 
RAM redundancy map is decoded and constructed from the 
contents of the fuse register 146 by right-shifting a “1” into 
redundancy register 120 for a number of shift cycles equal 
to the encoded redundancy map value MAP€n[0:log2(N+1)] 
contained in the fuse register 146, and then right-shifting in 
a “0” into redundancy register 120 for the remaining 
N-count value cycles for a total number of right-shift cycles 
equal to the number of recon?gurable columns N. Once the 
decoding process is complete, redundancy register 120 con 
tains the appropriate RAM redundancy map for correcting 
memory array 102. 
As an illustration, suppose that memory array 102 com 

prises columns COL[0:7] and COL[l] is determined to be 
the only defective column. At the end of the BIST test sticky 
compare register 142 Will contain a “1” in the bit corre 
sponding to column COL[1]. Sticky compare register 142 
Will be right-shifted until the “1” is encountered; thus, 
counter 144 Will contain a count equal to six (0110 binary), 
Which is encoded into four (log2(8)) fuses. Whenever the 
chip is poWered up in the future, the value six is read from 
non-volatile storage 146 and a “1” is right-shifted into 
redundancy register 120 six times folloWed by tWo “0”s for 
a total of eight shifts. At this point, redundancy register 120 
is programmed and memory array 102 is con?gured to 
utiliZe redundant column COL[N] if necessary to correct for 
any memory failures. 

FIG. 4 illustrates one embodiment of non-volatile storage 
146 in accordance With the invention. As shoWn, because the 
redundancy map value has been encoded to the positional 
count value MAPm[0:log2(N+1)] of the faulty circuit 
element, only log2(N+1) fuses are required. 

FIG. 5 is a ?oWchart of the method of the invention for 
automatically determining and programming the redun 
dancy map. In a ?rst step 502, BIST hardWare obtains data 
output read out of the array on DATAiOUT[0:N-1] lines 
and corresponding expected output data for those lines. Each 
bit DATAiOUT[0:N-1] from the memory is compared to its 
expected value in step 504. If a miscompare in one or more 
of the output data bits DATAiOUT[0:N-1] is observed, its 
corresponding bit in a sticky compare register is set to a “1” 
in step 506. The bit is termed “sticky” because once it is set 
during a BIST test, it remains set until after redundancy 
programming is complete. Steps 502 through 506 are 
repeated until the BIST test completes. Upon completion of 
the BIST test, each bit in the sticky compare register that is 
set to a “1” indicates that its corresponding column contains 
a failure. In step 508, the RAM redundancy map is encoded. 
In the preferred embodiment, this is accomplished by 
executing an “encode fuse” instruction, Which causes the 
sticky compare register to be right-shifted until the ?rst “1” 
is found. Each right shift increments a counter. The value in 
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the counter after the right-shifting is complete is the encoded 
redundancy map. In step 510, the encoded redundancy map 
is optionally stored in a fuse register of log2(N+1) in length. 
Once Written to the fuse register, the redundancy map cannot 
be changed. During initialiZation of the chip, or directly after 
the encoded redundancy map is generated, the encoded 
redundancy map is decoded and loaded into the redundancy 
register in step 512. The value of each redundancy bit 
RED[0:N-1] are used as the select signal for its correspond 
ing output sWitch 114 and input sWitch 116 in the redun 
dancy con?guration circuit 112. In the preferred 
embodiment, the fuse register is decoded by executing a 
“decode fuse” instruction, Which causes the redundancy 
register 120 to be right-shifted a number of times equal to 
the encoded redundancy map value MAPen[0:log2(N+1)] 
stored in the fuse register, shifting a “1” in With each 
right-shift. A “0” is then right-shifted into the redundancy 
register until the redundancy register has been right-shifted 
by a total of N times. In this manner, the redundancy register 
has “0”s for each column to the left of the failing column and 
“1”s for the failing column and each column to its right. 
Accordingly, the memory array is automatically repaired at 
poWer up. 

As mentioned previously, the encoded redundancy map 
value MAPm[0:log2(N+1)] need not be stored permanently. 
Instead, the BIST test that locates the failed circuit element 
may be eXecuted each time upon poWer up of the chip and 
the encoded redundancy map value MAPen[0:log2(N+1)] 
decoded directly and stored in the redundancy map register. 

Although the illustrative embodiment discussed herein 
has been in the conteXt of a semiconductor memory array, 
those skilled in the art Will appreciate that the inventive 
principles eXtend to any circuit that comprises a number of 
recon?gurable circuit elements and a redundant identical 
circuit element. 

Although the invention has been described in terms of the 
illustrative embodiments, it Will be appreciated by those 
skilled in the art that various changes and modi?cations may 
be made to the illustrative embodiments Without departing 
from the spirit or scope of the invention. It is intended that 
the scope of the invention not be limited in any Way to the 
illustrative embodiment shoWn and described but that the 
invention be limited only by the claims appended hereto. 
What is claimed is: 
1. An apparatus for automatically programming a redun 

dancy map for a circuit, said circuit comprising a plurality 
of identical recon?gurable circuit elements and a redundant 
circuit element, said recon?gurable circuit elements being 
recon?gurable to be bypassed if faulty such that said redun 
dant circuit element is utiliZed in place of said faulty 
recon?gurable circuit element, said redundant circuit ele 
ment being identical to each of said plurality of recon?g 
urable circuit elements, comprising: 

an encoder responsive to a fault indicator Which encodes 
said fault indicator into an encoded fault indicator, said 
fault indicator indicating Which one of said plurality of 
recon?gurable circuit elements is a faulty circuit ele 
ment; 

a decoder Which decodes said encoded fault indicator to 
generate said redundancy map for con?guring said 
plurality of recon?gurable circuit elements. 

2. An apparatus in accordance With claim 1, Wherein said 
fault indicator comprises: 

a sticky compare register comprising a plurality of sticky 
compare register bits, comprising a bit corresponding 
to each of said recon?gurable circuit elements, Wherein 
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one of said plurality of sticky compare register bits 
corresponds to said faulty circuit element and has a 
value indicating that said faulty circuit element is 
faulty. 

3. An apparatus in accordance With claim 2, Wherein said 
encoded fault indicator comprises: 

the position of said bit corresponding to said faulty circuit 
element. 

4. An apparatus in accordance With claim 3, Wherein said 
encoder comprises: 

a counter Which counts a number of shifts required to shift 
said bit corresponding to said faulty circuit element to 
one end of said sticky compare register to generate said 
encoded fault indicator. 

5. An apparatus in accordance With claim 1, comprising: 
a redundancy map register comprising a plurality of 

redundancy map bits, each redundancy map bit corre 
sponding to one of said recon?gurable circuit elements; 

shifting means for shifting a bypass bit value into said 
redundancy map register a ?rst number of shifts equal 
to said encoded fault indicator and a non-bypass bit 
value into said redundancy map register a second 
number of shifts equal to the number of said plurality 
of recon?gurable circuit elements less said ?rst number 
of shifts. 

6. An apparatus in accordance With claim 1, comprising: 
a non-volatile storage device Which stores said encoded 

fault indicator When said circuit is poWered doWn. 
7. An apparatus in accordance With claim 6, Wherein said 

non-volatile storage device comprises: 
a plurality of fuses, said plurality of fuses equal in number 

to log2(N+1), Where N is the number of said plurality 
of recon?gurable circuit elements. 

8. An apparatus in accordance With claim 1, comprising: 
a fault detector Which identi?es faults in said plurality of 

recon?gurable circuit elements and produces said fault 
indicator indicating Which one of said plurality of 
recon?gurable circuit elements is said faulty circuit 
element. 

9. An apparatus in accordance With claim 8, Wherein said 
fault detector comprises: 

a built-in self test engine Which performs comparisons 
betWeen output data read from said recon?gurable 
circuit elements and eXpected values for said output 
data read from said recon?gurable circuit elements to 
determine Which one, if any, of said plurality of recon 
?gurable circuit elements is faulty. 

10. A method for automatically programming a redun 
dancy map for con?guring a circuit, said circuit comprising 
a plurality of identical recon?gurable circuit elements and a 
redundant circuit element, said recon?gurable circuit ele 
ments being recon?gurable to be bypassed if faulty such that 
said redundant circuit element is utiliZed in place of said 
faulty recon?gurable circuit element, said redundant circuit 
element being identical to each of said plurality of recon 
?gurable circuit elements, said method comprising: 

receiving a fault indicator, said fault indicator indicating 
Which one of said plurality of recon?gurable circuit 
elements is said faulty redundant circuit element; 

encoding said fault indicator into an encoded fault indi 
cator; and 

decoding said encoded fault indicator to generate a redun 
dancy map for con?guring said plurality of recon?g 
urable circuit elements. 

11. A method in accordance With claim 10, Wherein said 
fault indicator comprises: 
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a sticky cornpare register comprising a plurality of sticky 
cornpare register bits, comprising a bit corresponding 
to each of said recon?gurable circuit elements, Wherein 
one of said plurality of sticky cornpare register bits 
corresponds to said faulty recon?gurable circuit ele 
rnent and has a value indicating that said faulty recon 
?gurable circuit element is faulty. 

12. A method in accordance with claim 11, Wherein said 
encoding step comprises: 

encoding said fault indicator to the position of said bit 
corresponding to said faulty recon?gurable circuit ele 
rnent. 

13. A method in accordance with claim 12, Wherein said 
encoding step comprises: 

shifting said bit corresponding to said faulty recon?g 
urable circuit element to one end of said sticky cornpare 
register; 

maintaining a count of said number of shifts required to 
shift said bit corresponding to said faulty recon?g 
urable circuit element to said one end of said sticky 
cornpare register; and 

encoding said count as said encoded fault indicator. 
14. A method in accordance with claim 13, Wherein said 

decoding step comprises: 

10 

10 
shifting a bypass bit value into a redundancy rnap register 

a ?rst number of shifts equal to said encoded fault 
indicator and a non-bypass bit value into said redun 
dancy rnap register a second number of shifts equal to 
the number of said plurality of recon?gurable circuit 
elements less said ?rst number of shifts. 

15. A method in accordance with claim 1 0, comprising: 
storing said encoded fault indicator in a non-volatile 

storage area Which stores said encoded fault indicator 
When said circuit is poWered doWn. 

16. A method in accordance with claim 10, comprising: 
testing said circuit to identify said faults in said plurality 

of recon?gurable circuit elements to produce said fault 
indicator indicating Which one of said plurality of 
recon?gurable circuit elements is said faulty recon?g 
urable circuit element. 

17. A method in accordance with claim 16, Wherein said 
testing step comprises: 

perforrning comparisons between output data read from 
said recon?gurable circuit elements and eXpected val 
ues for said output data read from said recon?gurable 
circuit elements to determine Which one, if any, of said 
plurality of recon?gurable circuit elements is faulty. 

* * * * * 


